The reaction of alkylthioacetic aldehydes with dihalomethane and diethylamine has allowed the unexpected domino sequence of three reactions (Mannich − dehydroamination − Michael) to be revealed. A facile one-pot three-step protocol for the synthesis of 2,4-dialkylthio pentanedials in up to 65 % yield has been developed on the basis of this reaction. A biological activity of one pentadial has been determined for the first time. The activity of alkylthioacetic aldehydes as a CH-acids is shown in two anion reactions.
Introduction
It has been reported a variant of the aminomethylation reaction (Mannich reaction), where the interaction of α-ArCH 2 O-and α-R 2 N-substituted aldehydes with dihalomethane and diethylamine leads to the corresponding 2-functional substituted propenals. 1 However, α-methylenation reactions of α-alkylthio substituted aldehydes have not yet been performed. Meanwhile, the introduction of a sulfur-containing substituent in the α-position to a carbonyl group is assumed to enhance the thermodynamic acidity of an adjacent proton by factor of 10 3 as compared with a simple ketone as well as to stabilize an anion at the carbon neighboring sulfur. 2 The study was initially aimed at application of the mentioned method to synthesize 2-RSpropenals from alkylthioacetic aldehydes as CH-acids. A while ago, we have obtained 2-buthylthiopropenal by other protocol starting from formaldehyde. 3 The use of iminium salts is supposed to substantially raise the yields of aminomethylation products compared to conventional Mannich reaction in formaldehyde and dialkylamine aqueous solution. Besides, this facilitates the procedure. 4 It is pertinent to note that 2-alkylthiosubstituted propenals are strongly prone to very rapid cyclodimerization through Diels-Alder reaction. 5, 6 The rate of the reaction of 2-butylthiopropenal is 10 4 times higher than that of 2-ethoxypropenal. 7 The other routes to 2-alkylthiopropenals result also in the formation of 2,5-dialkylthio-2,3-dihydro-2-formyl-4H-pyrans exclusively. 8 For this reason, the latter should be the only products of Mannich reaction performed by the experimental procedure 1 (Scheme 1).
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Results and Discussion
Contrary to expectations, the interaction of 2-butylthioacetic aldehyde with dibromomethane and diethylamine at thorough implementation of the protocol proposed for 2-phenyl methoxypropenal 1 has not resulted in 2-butylthiopropenal 4a (Scheme 2 Instead, 2,4-dibutylthio pentanedial 5a has been obtained in the yield 40 % (Table 1 , entry 1). The attempts to adapt the method in order to obtain α-butylthiopropenal 4a have not made the aim closer but produced much of various by−products by competitive reactions. A change in initial reagents ratio results in a decrease in the reaction selectivity. Thus, the reduction of diethylamine : aldehyde 3 initial ration to 1,2-1,6:1 (entries 2-3) causes the formation of many impurities (GC -MS). Among them are detected the product of crotonic auto condensation of butylthioacetic aldehyde 6 (up to 9 %), adduct of hydrosulfanylation of the intermediate enal 4a − 2,3-dibutylthiopropanal 7 (up to 5 %) and radical splitting products of compounds 4a − 6. The latter include butanethiol along with the corresponding disulfide and some others.
Varying the reaction conditions (see Table) allows the limitations of the process implementation to be determined. The yield of product 5a has reached 87 % ( , the Michael reaction efficiency is seemingly due to the participation of active ammonium complex prepared for the Mannich reaction. Thus, the studied domino reaction presents a new example of competitive tandem catalysis. 10 In this study, it has been shown for the first time that alkylthioacetic aldehyde can be involved in two successive stages and appears to be active CH-acid. The Mannich ─ aza-Michael reactions sequence was only described before.
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For the selective synthesis of dials 5 one needs to perform the reaction at the initial ratio of CH 2 Br 2 : Et 2 NH : 3 equal to 10 : 2 : 1, room temperature and for 12 h. Under such conditions, the conversion of 3 reaches 100 % (according to 1 H NMR) and the content of by−products is the lowest. 1 H NMR spectra of dials 5 allows them to be identified as a mixture of diastereoisomers in the ratio 1:1-2. The structure of dials 5a,b is evidenced from the formation of bis-2,4-dinitrophenyl hydrazones 8a,b (Scheme 2) synthesized by the reaction of 5a,b with 2,4-dinitrophenyl hydrazine (2,4-DNPH) using the method for a dicarbonyl substances. 12 The ratio of diasteriomeres 8a,b is 1:1,5. The obtained dialkylthiosubstituted dials 5 might find an application as very efficient antimicrobial prodrugs, since their unsubstituted analogue, glutaric dialdehyde, is widely known in medicine as a microbicide 13 and disinfectant, 14 it is also a high-effective crosslinking agents, 15 and co-monomer. 16 We have shown that dial 5a exhibits the pronounced antimicrobial activity (for Staphilococcus Aureus minimal inhibition concentration (MIC) −15µg/mL, minimal bactericide concentration 31µg/mL; for E. Coli − MIC 31µg/mL, minimal bactericide concentration − 62µg/mL).
Conclusions
In summary, the Mannich and Michael reactions are known to be the most versatile and applicable reactions to furnish selectively the carbon-carbon bonds. 11, 17 In this paper, we have shown that the unexpected domino sequence of these reactions starting from alkylthioacetic aldehydes as CH-acids, diethylamine and dihalomethane leads to 2,4-dialkylthio pentanedials. The dehydroamination of the intermediate β-diethylamine aldehyde is a middle stage of this process. The catalytic complex prepared for the Mannich reaction according to the method 1 appears to be very active also for the successive Michael reaction. This activity causes the higher rate of the Michael reaction as compared to the Mannich reaction. As a result, 2-alkylthio propenal generated in situ is not accumulated the in reaction medium, but enter rapidly into the Michael reaction. Hence the studied reaction sequence is a new example of competitive tandem catalysis.
Experimental Section
General Procedure. Alkylthioacetic aldehydes 3 were obtained by hydrolysis of acetal of alkylthioacetic aldehydes [5, 6] .
